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(54) SPIN-DEPENDENT TRANSMISSION ELEMENT ELECTRONIC COMPONENT USING THE 
SAME, AND MAGNETIC PART 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a spin-dependent transmission element, 
which is capable of obtaining an extremely large magnetic resistance 
change rate at a room temperature and which has an amplification 
function. 

SOLUTION: A ferromagnetic layer 3 mode of more than one layer, electrode 
layers 1 and 5 mode of more than two layers, where at least one layer is 
constituted of a ferromagnetic body and dielectric layers (tunnel 
layers) 2 and 4 which are stacked and arranged between the ferromagnetic 
layer 3 and the electrode layers 1 and 5, and the multiple tunnel 
junctions of more than double junctions are provided. In a spin- 
dipendent transmission element, a discrete energy level is formed for 
the ferromagnetic layer 3, and an electrode for controlling the energy 
level is provided. The multiple tunnel junction is formed via a granular 
magnetic layer having ferromagnetic fine particles distributed in a 
dielectric matrix is formed, and the discrete energy level based on 



electrostatic energy in formed in the discrete energy level. 
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CLAIMS 



[Claim (s)] 

[Claim l] Even if as few as an one or more-layer ferromagnetic layer 
Between the electrode layer more than two-layer [ which one layer turns 
into from a ferromagnetic ], and said ferromagnetic layer and an 
electrode layer So that the multiplex tunnel junction more than a duplex 
may be formed It consists of the dielectric or semi-conductor by which 
laminating arrangement was carried out said ferromagnetic layer and an 
electrode layer, and by turns. The tunnel layer more than two-layer is 
provided. The spin dependence conduction component characterized by 
having an electrode for the discrete energy level being formed in said 
ferromagnetic layer, and controlling said energy level. 
[Claim 2] It has the ferromagnetic particle distributed in the 
dielectric matrix, and has coercive force. Between the granular magnetic 
layer of one or more layers, and said granular magnetic layers So that 
the multiplex tunnel junction more than a duplex may be formed 



contiguity arrangement was carried out with said granular magnetic layer 
— at least — One layer consists of ferromagnetics. The electrode layer 
more than two-layer is provided. The spin dependence conduction 
component characterized by having an electrode for the discrete energy 
level based on electrostatic energy being formed in said granular 
magnetic layer, and controlling said energy level. 

[Claim 3] In a spin dependence conduction component according to claim 1 
or 2 Said multiplex tunnel junction is a spin dependence conduction 
component characterized by showing the spin dependence resonant 
tunnelling effect. 

[Claim 4] The spin dependence conduction component characterized by 
making the magneto-resistive effect based on said spin dependence 
resonant tunnelling effect discover by changing the direction of one 
spin in a spin dependence conduction component according to claim 3 
among the electrode layers which consist of said ferromagnetic layer and 
said ferromagnetic. 

[Claim 5] The spin dependence conduction component characterized by 
making the magneto-resistive effect based on said spin dependence 
resonant tunnelling effect discover by changing the direction of one 
spin in a spin dependence conduction component according to claim 3 
among the electrode layers which consist of said granular magnetic layer 
and said ferromagnetic. 

[Claim 6] In a spin dependence conduction component according to claim 1 
or 3 Said multiplex tunnel junction is a spin dependence conduction 
component characterized by having a current amplification operation. 
[Claim 7] In a spin dependence conduction component according to claim 1 
or 3 Spin dependence conduction component characterized by having 2 
terminal component structure or 3 terminal component structure. 
[Claim 8] Electronic parts characterized by providing the spin 
dependence conduction component of claim 1 thru/or claim 7 given in any 
1 term. 

[Claim 9] Magnetic parts characterized by providing the spin dependence 
conduction component of claim 1 thru/or claim 7 given in any 1 term. 
[Claim 10] The magnetic head characterized by providing the spin 
dependence conduction component of claim 1 thru/or claim 7 given in any 
1 term. 

[Claim 11] The magnetic storage component characterized by providing the 
spin dependence conduction component of claim 1 thru/or claim 7 given in 
any 1 term. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic parts 
and magnetic parts using the spin dependence conduction component and it 

which controlled from the outside the discrete energy level which 
started the magnetic cell using the tunnel effect of a ferromagnetic, 
and its application component, especially was formed into the 
ferromagnetic. 
[0002] 

[Description of the Prior Art] As a spin dependence conduction component, 
the giant magneto-resistance component (GMR component) is known until 
now. A magneto-resistive effect (MR) is the phenomenon in which electric 
resistance changes by adding a field to a certain kind of magnetic 
substance, and it is used for a field sensor, the magnetic head, etc. 
For example, it has the description that the magneto-resistive effect 
component (MR component) using a ferromagnetic is excellent in 
temperature stability, and its activity range is wide. 
[0003] Before, thin films, such as a permalloy alloy, have been widely 
used for MR component using the magnetic substance. High density 
magnetic recording is attained by using this for the reproducing heads, 
such as a hard disk. However, magnetic-reluctance rate of change of a 
permalloy thin film About 2 - 3%, and since it was small, when it was 
going to attain the further high density record, there was a problem 
that sufficient sensibility was not obtained. 

[0004] It has the structure which, on the other hand, carried out the 
laminating of a magnetic metal layer and the non-magnetic metal layer by 
turns with the period of the dozens of A order from several angstroms as 
a new ingredient in which a magneto-resistive effect is shown in recent 
years, and the artificial grid film which the magnetic moment of the 
magnetic layer which faces through a non-magnetic layer combined 
magnetically in the state of anti-parallel attracts attention as an 
ingredient in which giant magneto-resistance is shown, for example, the 
Fe/Cr artificial grid film (Phys. Rev. Lett. 61, 2472 (1988)) and the Co/Cu 
artificial grid film (J. Mag. Mag. Mater. 94, LI (1991), Phys. Rev. Lett. 66, 
2152 (1991)) etc. — it is found out. 

[0005] Such metal artificial grid film is a number. Rather than the 
conventional permalloy alloy thin film of 10%, it is markedly alike and 
big magnetic-reluctance rate of change is shown. Such giant magneto- 



resistance originates in dispersion of the electron which bears 
conduction being dependent on the sense of the spin of a magnetic layer. 
However, for such metal artificial grid film, a saturation field (field 
with which resistance is saturated) is [ the problem that it is 
necessary to make / many / the number of larainatings in order to acquire 
a big magneto-resistive effect, and ] several teslas (T). With the above, 
it is large and, the way things stand, has the problem of being 
unsuitable for application to the magnetic head etc. 
[0006] The so-called spin bulb film to which whenever [ two angular 
relation / of the magnetization direction of a ferromagnetic layer ] is 
changed is developed by having the cascade screen of the sandwich 
structure of a ferromagnetic layer / non-magnetic layer / ferromagnetic 
layer, exerting exchange bias on one ferromagnetic layer in order to 
make a saturation field small, fixing magnetization, and carrying out 
flux reversal of the ferromagnetic layer of another side by the external 
magnetic field. However, magnetic-reluctance rate of change the spin 
bulb film Since [ which is not not much large ] the specific resistance 
of a cascade screen itself is as small as several 10 microomegacm, in 
order to detect an external magnetic field with about 4 - 8%, it has the 
problem that it is necessary to pass a comparatively big current. 
[0007] Moreover, utilization of the so-called vertical magneto-resistive 
effect which passes a current perpendicularly to a film surface to a 
multilayer knows a very big magneto-resistive effect or being obtained 
(Phys. Rev. Lett. 66, 3060 (1991)). However, if current pass is small in 
this case, and resistance is small since each class is a metal, and 
micro processing is not carried out to below subraicron ones, there is a 
problem that the magneto-resistive effect in a room temperature cannot 
be measured. 

[0008] Furthermore, it is found out that the giant magneto-resistance 
based on the conduction which depended also for the so-called granular 
magnetic film on spin which distributed the magnetic ultrafine particle 
in the non-magnetic metal matrix is shown unlike artificial grid film 
which was described above (Phys. Rev. Lett. 68, 3745 (1992)). In the 
condition that such a granular magnetic film does not add a field, with 
the property of a magnetic ultrafine particle, the spin of each magnetic 
ultrafine particle turns to an irregular direction mutually, if it is 
high, and resistance adds a field and arranges each spin in the 
direction of a field, resistance will fall and, as a result, a ****** 
magneto-resistive effect will discover it to spin dependence dispersion. 
However, in order that the magnetic ultrafine particle in this case may 
show superparamagnetism, the saturation field has the problem of being 



essential very large. 

[0009] On the other hand, with spin dependence dispersion, the giant 
magneto-resistance based on the ferromagnetic tunnel effect which 
differs in a mechanism is found out. This is a ferromagnetic layer / 
insulating layer / ferromagnetic layer. It consists of a three-layer 
cascade screen, and in the structure where the coercive force of one 
ferromagnetic layer is smaller than the coercive force of the 
ferromagnetic layer of another side, an electrical potential difference 
is impressed between both f erromagnetism layers, and tunnel current is 
generated, if only the spin of the small magnetic layer of coercive 
force is reversed at this time — the time when the spin of two 

ferromagnetic layers is mutually parallel — anti since tunnel 

current differs greatly in the time [ **** ], giant magneto-resistance 
is obtained. 

[0010] Structure is easy and, moreover, such a ferromagnetic tunnel 
junction component is at a room temperature. There is the description 
that about 20% of big magnetic-reluctance rate of change is acquired. 
However, in order to make the tunnel effect discover, it is necessary to 
make insulating layer thickness thin with several nm or less, and since 
it is difficult, it being stabilized moreover in homogeneity and 
producing such a thin insulating layer to it has the problem that the 
variation in resistance or magnetic-reluctance rate of change will 
become large. Moreover, when resistance of an insulating layer was too 
high and it is made detailed in order to use this for the magnetic head 
etc. , generally the high-speed operation of a component is not obtained, 
and a noise increases, and problems — the large component of a S/N 
ratio is not obtained — are predicted. 

[0011] On the other hand, the magnetic storage component using the spin 
bulb film or a ferromagnetic tunnel junction is also known. In this case, 
one side is used as a recording layer between two magnetic layers, and 
another side is used as the read-out layer. Therefore, in any [ of 
record and playback ] case, it is necessary to reverse spin, and the 
current source for field impression for it is needed for it. 
[0012] Furthermore, the ferromagnetic was used. What is called 3 
terminal component and the so-called spin transistor is known. This is 
the metal magnetic substance / metal non-magnetic material / metal 
magnetic substance. It has the three-tiered structure, if an electrical 
potential difference is impressed between the 1st metal magnetic 
substance and metal non-magnetic material — the time when the output 
voltage has [ that output voltage occurs between the 2nd metal magnetic 
substance and metal non-magnetic material ] the mutually parallel spin 



of the 1st and 2nd metal magnetic substance — anti magnitude is the 

same at the time [ **** ], and a sign becomes reverse (J. 

Appl. Phys. 79. 4727 (1996)) However, since the whole of this spin 

transistor is made of the metal, output voltage is dramatically as small 

as nanovolt extent, and it does not have the current amplification 

operation. 

[0013] Moreover, it is found out that a magneto-resistive effect 
increases according to the coulomb BUROKKEDO effectiveness recently (J. 
Phys. See. Jpn. 66, 1261 (1997)). It has a small capacity. It sets to a 
double tunnel junction and is an electron. It is Ec, if energy increases 
and only Ec =e2 / 2 C of C are small, when one piece is made to tunnel. 
It becomes very large and is an electron. It cannot tunnel, also 
although it is called one piece. This is called coulomb BUROKKEDO. 
However, high order tunnel current flows also in the state of such 
coulomb BUROKKEDO, and this is called a common tunnel. In this condition, 
it is resistance. Since it is proportional to the product of two tunnel 
junction resistance, a magneto-resistive effect increases. 
[0014] From the former, the semiconductor device is known as a component 
using conduction of an electron or a hole, and it is used in very many 
fields, such as various electronic circuitries, memory devices, etc. 
However, a semiconductor device uses only electronic charge and 
electronic spin is not used, 

[0015] Moreover, the component using the so-called resonant tunnelling 
effect which a discrete energy level is formed in a metal layer or a 
serai-conductor layer, and carries out tunnel conduction via the energy 
level in the cascade screen which consists of a terrorism epitaxial 
layer to a metal layer, a dielectric layer, or different one of a semi- 
conductor is also known. However, these components also use only 
electronic charge and electronic spin is not used. 
[0016] 

[Problera(s) to be Solved by the Invention] As mentioned above, each of 
semiconductor devices using old electronic conduction and resonant 
tunnelling effect components uses only electronic charge, and electronic 
spin is not used. 

[0017] On the other hand, as a conduction component using electronic 
spin, the spin bulb component which shows giant magneto-resistance, the 
magnetometric sensor using it, the magnetic head, the magnetic storage 
component, the magnetic head, a magnetic storage component using a 
ferromagnetic tunnel junction, etc. are known. Magnetic-reluctance rate 
of change these Less than 10% and since it is small, a limitation is in 
playback sensibility, and it has the problem that output voltage is 



small. Especially, in any [ of record and playback ] case, it is 
necessary to reverse spin, and there is complicatedness that the current 
source for the field impression for it is needed, with a magnetic 
storage component. 

[0018] Moreover, the metal magnetic substance / metal non-magnetic 
material / metal magnetic substance The former which has a three-tiered 
structure Output voltage is extremely small, and utilization is 
difficult and, as for 3 terminal component (spin transistor component), 
it does not have a current amplification operation, either. 
[0019] The conventional electronic conduction component is using the 
discrete energy level which offers the electronic conduction component 
using the spin of a completely different electron, and was moreover 
formed into the magnetic substance, and this invention aims at offering 
the spin dependence conduction component which gave the magnification 
function, when very big magnetic-reluctance rate of change is acquired 
at a room temperature and controls the discrete energy level by the 
electrical potential difference further. Furthermore, it aims at 
offering the electronic parts and magnetic parts using such a spin 
dependence conduction component. 
[0020] 

[Means for Solving the Problem] this invention persons found out that 
magnetic reluctance was substantially controllable by controlling tunnel 
current, as a result of advancing research on the magnetic cell which 
passes tunnel current between the granular magnetic layer which 
distributed the ferromagnetic particle in the dielectric matrix, and the 
ferromagnetic layer by which contiguity arrangement was carried out at 
this granular magnetic layer. Furthermore, it verified that this was 
what makes the spin dependence resonant tunnelling effect the origin. 
This invention is based on such knowledge and a verification result. 
,[0021] The above-mentioned spin dependence resonant tunnelling effect. 
It is based on the multiplex tunnel junction more than a duplex. 
Therefore, when a granular magnetic layer is used, the same 
effectiveness is acquired also in the multiplex tunnel junction which 
consists of the ferromagnetic layer, the dielectric layer or the 
ferromagnetic layer, and semi-conductor layer of an except. In order for 
the spin dependence resonant tunnelling effect to be discovered, a 
discrete energy level must be formed in at least one of the 
ferromagnetics in a multiplex tunnel junction. 

[0022] This invention offers the spin dependence conduction component 
which prepared the electrode which controls by foreign voltage discrete 
energy semi- ** produced in the ferromagnetic layer (or granular 



magnetic layer), and the application components and application 
equipment using it based on new knowledge which was described above. 
[0023] Namely, the 1st spin dependence conduction component in this 
invention as [ indicated / to claim 1 ] — an one or more-layer 
ferromagnetic layer — at least — One layer consists of ferromagnetics. 
Between the electrode layer more than two-layer, and said ferromagnetic 
layer and an electrode layer So that the multiplex tunnel junction more 
than a duplex may be formed It consists of the dielectric or semi- 
conductor by which laminating arrangement was carried out said 
ferromagnetic layer and an electrode layer, and by turns.' It is 
characterized by having an electrode for providing the tunnel layer more 
than two-layer, and the discrete energy level being formed in said 
ferromagnetic layer, and controlling said energy level. 
[0024] The 2nd spin dependence conduction component in this invention As 
indicated to claim 2, it has the ferromagnetic particle distributed in 
the dielectric matrix, and has coercive force. The granular magnetic 
layer of one or more layers, Between said granular magnetic layers So 
that the multiplex tunnel junction more than a duplex may be formed 
contiguity arrangement was carried out with said granular magnetic layer 
— at least — One layer consists of ferromagnetics. The electrode layer 
more than two-layer is provided. It is characterized by having an 
electrode for the discrete energy level based on electrostatic energy 
being formed in said granular magnetic layer, and controlling said 
energy level. 

[0025] As the spin dependence conduction component of this invention was 
indicated to claim 3, said multiplex tunnel junction is characterized by 
showing the spin dependence resonant tunnelling effect. Furthermore, the 
magneto-resistive effect based on the spin dependence resonant 
tunnelling effect is made to discover by changing the direction of one 
spin among the electrode layers which consist of said ferromagnetic 
layer (or granular magnetic layer) and said ferromagnetic, as indicated 
to claim 4 and claim 5. Furthermore, the spin dependence conduction 
component of this invention can also be made into which structure of 2 
terminal component structure and 3 terminal component structure as 
indicated to claim 7. 

[0026] Moreover, the electronic parts and magnetic parts of this 
invention are characterized by providing this invention spin dependence 
conduction component mentioned above, as indicated to claim 8 and claim 
9. Similarly, the magnetic head and the magnetic storage component of 
this invention are characterized by providing this invention spin 
dependence conduction component mentioned above, as indicated to claim 



10 and claim 11. 
[0027] 

[Embodiment of the Invention] Hereafter, the gestalt for carrying out 
this invention is explained. 

[0028] First, the spin dependence resonant tunnelling effect which is to 
the basic configuration of the spin dependence conduction component of 
this invention and the bases of this invention is explained. In addition, 
since it is easy below The case where a dielectric is moreover used 
about a double tunnel junction is shown. It can consider easily that 
this result can be extended when a multiplex tunnel junction and a semi- 
conductor are used. Drawing 1 (a) is drawing showing the basic 
configuration of the 1st spin dependence conduction component of this 
invention. The spin dependence conduction component shown in drawing 1 
(a) has the cascade screen which consists of the 1st ferromagnetic layer 
1 / dielectric layer 2 / the 2nd ferromagnetic layer 3 / dielectric 
layer 4 / the 3rd ferromagnetic layer 5. dielectric layers 2 and 4 are 
minded in this cascade screen — the double tunnel junction is formed 
between the three-layer ferromagnetic layers 1 and 3 and 5. 
[0029] The 1st and 3rd ferromagnetic layers 1 and 5 are electrode layers 
among the three-layer ferromagnetic layers 1, 3, and 5. In addition, the 
electrode layer (5) which is equivalent to the outlet side of tunnel 
current may consist of not only a ferromagnetic but non-magnetic metal 
etc. so that it may mention later, moreover, the 2nd ferromagnetic layer 
3 — two thin dielectric layers 2 and 4 — namely, — It is inserted by 
two tunnel layers, and it is constituted so that tunnel current may flow 
between the 1st ferromagnetic layer 1 and the 3rd ferromagnetic layer 5 
through each dielectric layers 2 and 4, respectively. In addition, six 
in drawing is an electrode. 

[0030] In such structure, when the 2nd ferromagnetic layer 3 is thin 
enough, as shown in drawing 1 (b), the discrete energy level for which 
it depended on spin according to the quantum effectiveness at the 2nd 
ferromagnetic layer 3 is formed. That is, the discrete energy level of 
the 2nd ferromagnetic layer 3 is carrying out spin fission for the 
exchange interaction, and, only in the part of exchange energy gamma, 
energy differs with upward spin (**) and downward spin (**). 
[0031] As shown in drawing 1 (a), while impressing an electrical 
potential difference between the 1st ferromagnetic layer 1 and the 2nd 
ferromagnetic layer 3 now, the electrical potential difference of a 
reverse sign is impressed between the 2nd ferromagnetic layer 3 and the 
3rd ferromagnetic layer 5. Then, tunnel current flows between the 1st 
ferromagnetic layer 1 and the 2nd ferromagnetic layer 3 through the thin 



dielectric layer (tunnel layer) 2. and the time of the electrical 
potential difference V applied to the 1st ferromagnetic layer 1 and the 
3rd ferromagnetic layer 5 being a suitable value — inside of the 
discrete energy level of the upward spin in the 2nd ferromagnetic layer 
3 (**), or downward spin (**) One ( drawing 1 (b) ** spin) is set to the 
same level (resonance state) as the energy of the conduction electron of 
the 1st ferromagnetic layer 1. 

[0032] If it does so, tunnel conduction of the conduction electron in 
the 1st ferromagnetic layer 1 with the spin of a discrete energy level 
and the spin of the same direction in a resonance state can be carried 
out from the 1st ferromagnetic layer 1 to the 3rd ferromagnetic layer 5 
with 100% of permeability, without being reflected by dielectric layers 
2 and 4. On the other hand, with it, tunnel conduction of the conduction 
electron with reverse spin cannot be carried out. This is the spin 
dependence resonant tunnelling effect. 

[0033] In a ferromagnetic, only the electron near the Fermi level 
contributes to conduction, and, moreover, the number of the conduction 
electron changes with spin, therefore, the time when magnetization of 
the 1st ferromagnetic layer 1 and the 2nd ferromagnetic layer 3 is 

mutually parallel — anti pass resonance level in the time [ **** ] 

— the number of the electrons to tunnel differs. So, if magnetization 
of the 2nd ferromagnetic layer 3 is fixed, for example and magnetization 
of the 1st ferromagnetic layer 1 is reversed, since tunnel current 
differs greatly in both, the very big magneto-resistive effect based on 
the spin dependence resonant tunnelling effect is acquired. The 
electrode layer which consists of the 3rd ferromagnetic layer 5 can use 
the electrode layer which consists not only of a ferromagnetic but of 
non-magnetic metal etc. that what is necessary is just that to which 
tunnel current may flow. 

[0034] Drawing 1 is equivalent to the transistor which used the semi- 
conductor, and the base and the 3rd ferromagnetic layer (or nonmagnetic 
electrode layer) 5 correspond [ the 1st ferromagnetic layer 1 / an 
emitter and the 2nd ferromagnetic layer 3 ] to a collector. That is, if 
an electrical potential difference VEB is impressed to an emitter (1) 
and the base (3), it is base current IB. If it flows and reverse voltage 
VCB is impressed to the base (3) and a collector (5), it is collector 
current IC. It flows. Collector current IC Base current IB It becomes 
large and a current amplification operation is shown. 
[0035] Although the spin of the 2nd ferromagnetic layer 3 explained 
parallel and the case of anti-parallel to the spin of the 1st 
ferromagnetic layer 1 until now, when an include angle theta is 



generally made Since the tunnel current proportional to costheta is 
acquired, theta is [ whenever / angular relation / of spin ] detectable 
with a current value. Thus, by controlling bias voltage VCB, the sense 
of spin can be determined and a current amplification operation can be 
acquired. By these functions, the spin dependence conduction component 
of this invention can be called spin transistor in true semantics. 
[0036] The 1st spin dependence conduction component of this invention 
can also be considered as the configuration which prepared the electrode 
for impressing bias voltage to the 2nd ferromagnetic layer 3 like the 
field effect transistor (FET) in a semiconductor device. Drawing 2 shows 
an example of such a configuration. The electrode 7 for impressing bias 
voltage is formed in the 2nd ferromagnetic layer 3. In such a 
configuration, an electrical potential difference is impressed between 
the 1st ferromagnetic layer (1st electrode layer) 1 and the 3rd 
ferromagnetic layer (you may be the 2nd electrode layer / non-magnetic 
layer). Tunnel current A sink, A spin dependence resonance state can be 
produced by impressing bias voltage to the 2nd ferromagnetic layer 3 
from an electrode 7, and controlling the discrete energy level of the 
2nd ferromagnetic layer 3 (shift). 

[0037] Furthermore, ferromagnetic layer which forms a discrete energy 
level in the 1st spin dependence conduction component of this invention 
( drawing 1 2nd ferromagnetic layer 3) It is not what is restricted to 
one layer, for example, as shown in drawing 3 , while making the middle 
ferromagnetic layer 3 into multilayer structure (3a, 3b, — 3n), 
laminating arrangement of each [ these ] ferromagnetic layers 3a and 3b 
and the — 3n is carried out a dielectric layer 9 and by turns — it can 
also consider as the configuration which has three-fold or more 
multiplex tunnel junction. Therefore also in such a configuration, a 
spin dependence resonance state can be produced with controlling the 
discrete energy level of the middle ferromagnetic layer 3. 
[0038] It is not that to which especially the component of the 
ferromagnetic layers 1, 3, and 5 is limited in the spin dependence 
conduction component shown in drawing 1 -3. Fe, Co which show the Fe- 
nickel alloy represented by the permalloy and ferromagnetism. Half metal, 
such as a Heusler alloy like the alloy containing nickel and them, 
NiMnSb, and PtMnSb, Various ferromagnetic ingredients can be used from 
various soft magnetic materials, such as half metal of oxide systems, 
such as Cr02, magnetite, and Mn perovskite, and an amorphous alloy, to 
hard magnetic materials, such as a Co-Pt alloy, a Fe-Pt alloy, and a 
transition-metals-**** alloy. 

[0039] Moreover, in order to change only the direction of the spin of 



the 1st ferromagnetic layer 1 among the 1st and 2nd ferromagnetic layers 
1 and 3, the difference of the coercive force of a ferromagnetic may be 
used, and laminating arrangement of the antiferromagnetism film is 
carried out, and you may make it fix magnetization of a ferromagnetic 
layer by switched connection. On thickness and a concrete target in 
which the discrete energy level for which it depended on spin according 
to the quantum effectiveness as the thickness of the 2nd ferromagnetic 
layer 3 was mentioned above is formed It considers as 5nm or less extent, 
that to which especially the thickness of the 1st and 3rd ferromagnetic 
layers 1 and 5 is limited — it is not — for example, — It is 
desirable to be referred to as about 0. 1-lOOmm. 

[0040] Furthermore, although the operation gestalt mentioned above 
explained the case where dielectric layers 2 and 4 were used as a tunnel 
layer, even if it replaces with these dielectric layers 2 and 4 and uses 
a semi-conductor layer as a tunnel layer, the same spin dependence 
conduction component can be constituted, and same operation and 
effectiveness are acquired. Especially the dielectric and semi-conductor 
that are used as a tunnel layer are not limited, and can use various 
dielectric materials and semiconductor materials. Moreover, thickness of 
a tunnel layer It is desirable to be referred to as about 0. 5-5nm. 
[0041] At the operation gestalt mentioned above, they are a 
ferromagnetic and a dielectric (or semi-conductor). Although the spin 
dependence conduction component which has a multiplex tunnel junction 
more than a duplex was explained, when the granular magnetic layer which 
distributed the ferromagnetic particle is used into a nonmagnetic 
dielectric matrix, the same spin dependence resonant tunnelling effect 
can be obtained at a room temperature. This is the 2nd spin dependence 
conduction component of this invention. 

[0042] That is, the spin dependence conduction component shown in 
drawing 4 (a) has the cascade screen which consists of the 2nd electrode 
layer 13 which consists of the 1st electrode layer 11 / granular 
magnetic layer 12 / non-magnetic material which consists of a 
ferromagnetic. In this cascade screen, the granular magnetic layer 12 is 
a ferromagnetic which the ferromagnetic particle 15 is distributed, and 
this granular magnetic layer 12 does not show superparamagnetism, but 
has the coercive force of finite in the dielectric matrix 14. This 
granular magnetic layer 12 is pinched and contiguity arrangement of the 
1st electrode layer 11 and the 2nd electrode layer 13 is carried out, 
and it is constituted so that tunnel current may flow, respectively 
between the 1st electrode layer 11, the granular magnetic layer 12 and 
the granular magnetic layer 12, and the 2nd electrode layer 13. That is. 



it is between the granular magnetic layer 12 and the electrode layers 11 
and 13. The double tunnel junction is formed. 

[0043] In addition, the 2nd electrode layer 13 may consist of not only 
non-magnetic material but ferromagnetics. Namely, what is necessary is 
for the 1st electrode layer 11 just to consist of ferromagnetics at 
least among the 1st and 2nd electrode layers 11 and 13. Moreover, the 
insulator layer of the thickness which is extent to which tunnel current 
flows may be made to intervene not only among the electrode layers 11 
and 13 and the granular magnetic layer 12 carrying out direct laminating 
arrangement but among them. 

[0044] In such structure, it lets the electrode 16 prepared in the 
granular magnetic layer 12 pass, and an electrical potential difference 
VEB is impressed between the 1st electrode layer (ferromagnetic) 11 and 
the granular magnetic layer 12. And the electrical potential difference 
VCB of a reverse sign is impressed between the granular magnetic layer 
12 and the 2nd electrode layer (non-magnetic material) 13. Here, the 
magnitude of the ferromagnetic particle 15 in the granular magnetic 
layer 12 is fully small, and since the dielectric matrix 14 surrounds 
the perimeter, the coulomb BUROKKEDO effectiveness quantizes, as shown 
in drawing 4 (b) for electrostatic energy Ec =e2 / 2C (e is electronic 
charge and C is the capacity of a particle), and the energy level of the 
ferromagnetic particle 15 becomes discrete according to it. 
[0045] Therefore, impression of bias voltage VCB of a suitable value 
forms resonance tunnel level between a granular magnetic layer and the 
1st electrode layer (ferromagnetic layer) 11 like the 1st operation 
gestalt mentioned above. And if magnetic reluctance is small and 
separates from resonance when it is in a resonance state, a big magneto- 
resistive effect will be acquired according to the coulomb BUROKKEDO 
effectiveness. Therefore, if it controls to remove the electrostatic 
energy level of a magnetic particle from a resonance state with an 
electrode 16, for example, magnetization of the granular magnetic layer 
12 is fixed and magnetization of the ferromagnetic layer 11 is reversed, 
since tunnel current differs greatly in both, a very big magneto- 
resistive effect is acquired. 

[0046] On the other hand, if it controls by the electrode 16 according 
to a resonance state for the electrostatic energy level of a magnetic 
particle, the coulomb BUROKKEDO effectiveness will disappear and a 
magneto-resistive effect will decrease. Thus, the new function in which 
a magneto-resistive effect is controllable by controlling the electrical 
potential difference applied to an electrode 16 can be given. 
[0047] Also in the 2nd spin dependence conduction component, whenever 



[ angular relation / of the spin of the ferromagnetic layer 11 and the 
granular magnetic layer 12 ] is detectable like the 1st spin dependence 
conduction component mentioned above. Moreover, as shown in drawing 5 , 
it can also consider as the structure which formed the electrode 17 for 
impressing bias voltage to the granular magnetic layer 12 formed on the 
substrate 18 which has an insulating layer 19 in the front face. That is, 
a resonance state can be produced by impressing an electrical potential 
difference between the 1st electrode layer 11 and the 2nd electrode 
layer 13, impressing bias voltage to the granular magnetic layer 12 for 
tunnel current from a sink and an electrode 17, and controlling the 
discrete energy level in the granular magnetic layer 12. Under the 
present circumstances, the granular magnetic layer 12 may form the 
quantum dot by the single ferromagnetic particle, as shown in drawing 6 . 
The same is said of the component shown in drawing 4 . 
[0048] Furthermore, in the 2nd spin dependence conduction component of 
this invention, it is also possible to apply the cascade screen which a 
granular magnetic layer is not restricted to one layer, and carried out 
the multilayer laminating of a granular magnetic layer and the 
ferromagnetic layer further. Therefore also in such a configuration, a 
spin dependence resonance state can be produced with controlling the 
discrete energy level of a granular magnetic layer. 

[0049] In the spin dependence conduction component shown in drawing 4 - 
drawing 6 , the granular magnetic layer 12 does not show 
superparamagnetism, and since it is a ferromagnetic which has the 
coercive force of finite, it does not have the problem that a saturation 
field like the conventional granular GMR ingredient is large. Moreover, 
since the granular magnetic layer 12 is distributing the magnetic 
particle 15 in the dielectric matrix 14, compared with a ferromagnetic 
tunnel junction with a dielectric layer, its electric resistance is 
small, and it has the description that electric resistance is 
controllable to a suitable value, by controlling the die length of the 
current pass direction (the direction of thickness, or film surface 
inboard) of the granular magnetic layer 12, the rate of volume filling 
of the magnetic particle 15, magnitude, a distributed condition, etc. 
further. For this reason, according to application, the electric 
resistance of a spin dependence conduction component can be adjusted 
easily. 

[0050] The granular magnetic layer 12 needs to have not a 
superparamagnetism object but the coercive force of finite, as mentioned 
above. Since coercive force generally becomes quite small in the 
granular magnetic material which distributed the magnetic particle 



compared with bulk into a dielectric matrix, in order to prevent it, it 
is desirable to use Co especially with a large magnetic anisotropy, a 
Co-Pt alloy, a Fe-Pt alloy, transition-metals 1 rare earth alloy, etc. 
for the magnetic particle 15. Moreover, as for the semantics which makes 
a tunnel obstruction regularity to these magnetic particles 15, having 
arranged in the shape of a layer is desirable. These You may make it 
arrange more than two-layer. 

[0051] Moreover, when coercive force uses the granular magnetic material 
which is not not much large, contiguity arrangement of the hard 
magnetism film of a couple may be carried out to the both ends of a 
granular magnetic layer, and spin may be fixed by impressing a bias 
field from this hard magnetism film. As bias field impression film, not 
only the hard magnetism film but antiferromagnetism film, such as FeMn 
and IrMn, can also be used. 

[0052] On the magnitude of extent from which the particle size of the 
magnetic particle 15 in the granular magnetic layer 12 does not become 
superparamagnetism, and a concrete target It is desirable to be referred 
to as Inm or more. However, since grain child spacing with the magnetic, 
not much large particle 15 increases, as for the particle size of the 
magnetic particle 7, it is desirable to consider as lOnm or less extent. 
As for spacing of the magnetic particle 15, tunnel current should flow 
among them. It is desirable to consider as 5nm or less extent. 
[0053] moreover — as the dielectric matrix 14 — aluminum 203, Si02, 
MgO, mugF2, Bi 203, AIN, and CaF2 etc. — various dielectric materials 
can be used and the granular magnetic layer 12 is obtained by 
distributing the magnetic particle 15 which was described above in such 
a dielectric film. In addition, although the deficit of each element 
generally exists by the above-mentioned oxide film, the nitride, and the 
fluoride film, even if it is such a dielectric film, it is satisfactory 
in any way. 

[0054] On the other hand, that what is necessary is just to have size 
relation in coercive force between the granular magnetic layers 12 as a 
ferromagnetic layer 11 For example, the Fe-nickel alloy represented by 
the permalloy, Fe which shows ferromagnetism. Half metal, such as a 
Heusler alloy like the alloy containing Co, nickel, and them, NiMnSb, 
and PtMnSb, Various ferromagnetic ingredients can be used from various 
soft magnetic materials, such as half metal of oxide systems, such as 
Cr02, magnetite, and Mn perovskite, and an amorphous alloy, to hard 
magnetic materials, such as a Co-Pt alloy, a Fe-Pt alloy, and a 
transition-metals-**** alloy. 

[0055] For example, since an energy gap exists in one spin band, half 



metal contributes only an electron with the spin of an one direction to 
conduction. Therefore, a bigger magneto-resistive effect can be acquired 
by using such an ingredient as a ferromagnetic layer 11. In addition, 
when using a ferromagnetic for the 2nd electrode layer 13, it is not 
necessary to be the not necessarily same ingredient as the 1st electrode 
layer (ferromagnetic) 11, and there should just be a difference between 
the granular magnetic layer 12 and coercive force. 
[0056] The ferromagnetic layer 11 has been arranged not only through 
monolayer structure but through a non-magnetic layer. You may be the 
cascade screen which it has [ cascade screen ] two ferromagnetic layers, 
and combined magnetization of these ferromagnetism layer so that it 
might become anti-parallel mutually. According to the cascade screen 
combined with such anti-parallel, it can prevent magnetic flux leaking 
outside from a ferromagnetic layer, and it can be called desirable 
gestalt. What is necessary is to carry out the laminating of a 
ferromagnetic layer and the non-magnetic layer by turns, and just to use 
switched connection and magnetostatic association, in order to obtain 
the ferromagnetic layer combined with such anti-parallel. 
[0057] Furthermore, the cascade screen which carried out the laminating 
of a ferromagnetic layer and the semi-conductor layer by turns can also 
be used as a ferromagnetic layer 11. In this case, since spin can be 
reversed by heat or optical exposure, there is the description that a 
field becomes unnecessary. That is, it records, for example with light 
or heat, and new memory read by impressing bias voltage can be realized. 
As a semi-conductor used for such a cascade screen, the FeSi alloy of 
B20 structure, beta-FeSi 2, GaAs, etc. can be used. 

[0058] As for the granular magnetic layer 12 and the ferromagnetic layer 
11, it is desirable to have uniaxial magnetic anisotropy in a film 
surface, respectively. By this, while being able to start steep flux 
reversal, it is stabilized and a magnetization condition can be held. 
Especially these are effective when applying to a magnetic storage 
component. Moreover, thickness of the granular magnetic layer 12 and the 
ferromagnetic layer 11 It is desirable to consider as the range of 0. 5 
to 100 nm. Among these, although the thinner possible one of the 
thickness of the granular magnetic layer 12 is desirable, what is 
necessary is just 50nm or less that what is necessary is just the 
thickness which can maintain uniform thickness on production and does 
not do an adverse effect to tunnel current. 

[0059] It sets in each operation gestalt mentioned above, and they are 
the 1st [ of this invention ], and 2nd spin dependence conduction 
components. Although the case where it used as a 3 terminal component 



was mainly explained, it is the spin dependence conduction component of 
this invention. It can also consider as 2 terminal component. For 
example, in the spin dependence conduction component shown in the spin 
dependence conduction component shown in drawing 1 - drawing 3 and 
drawing 4 - drawing 5 , if an electrical potential difference is 
impressed between the 1st and 2nd electrode layers (between 
ferromagnetic layers or between a ferromagnetic layer and a non-magnetic 
layer) and a current in the meantime is measured, when applied voltage 
is a suitable value, a spin dependence resonance state can be produced, 
thus, the spin dependence conduction component of this invention — 2 
terminal component structure — and — It is applicable to all of 3 
terminal component structure. 

[0060] As explained above, the spin dependence conduction component of 
this invention has a current amplification operation, and its bias 

voltage is dramatically small compared with a semi-conductor transistor, 
therefore can save the power of it. Moreover, since the metal is used 
fundamentally, there is many conduction electron overwhelmingly compared 
with a semi-conductor. Therefore, since there are many carriers even if 
component size makes it detailed, it has the description of being 
satisfactory. Since the spin dependence conduction component of this 
invention has the same function as the transistor not only using the 
magnetic parts using magneto-resistive effects, such as the magneto- 
resistive effect mold magnetic head, a field sensor, and a magnetic 
storage component, and electronic parts but a semi-conductor, it can be 
applied to electronic parts and the electronic instrument of the 
versatility for which the semi-conductor has been used. Moreover, it is 
also possible to use it combining the conventional semiconductor devices, 
such as a semi-conductor transistor. 

[0061] next, refer to drawing 7 and drawing 8 about the concrete 
component structure of the spin dependence conduction electron of this 
invention — 3 terminal component is explained as an example. In 
addition, although drawing 7 and drawing 8 showed the spin dependence 
conduction component which used the granular magnetic layer, the spin 
dependence conduction component by which a discrete energy level is 
formed in a ferromagnetic layer can also be made into the same component 
structure. 

[0062] First, it is shown in drawing 7 . As for the spin dependence 
conduction electron of 3 terminal structures, the laminating of a 
conductor layer 22, the ferromagnetic layer 23 (23a, 23b), the granular 
magnetic layer 24, and the metal layer 25 is carried out to order on the 
substrate 21. That is, it has the structure where the granular magnetic 



layer 24 was pinched with ferromagnetic layer 23a and the gate electrode 
25. 

[0063] Here, ferromagnetic layer 23b does not need to impress a bias 
field to ferromagnetic layer 23a, does not need to give the function 
which makes the coercive force small, and does not need to form it 
especially. By changing the sense of the current passed to it, a 
conductor layer 22 has the role which controls the sense of the spin of 
the ferromagnetic layer 23. In the granular magnetic layer 24 Bias 
voltage is impressed with two electrodes 26 and 27. In addition, it is 
the insulator layer to which 28 in drawing served as the insulator layer, 
and 29 served as the protective coat. In addition, on the other hand, an 
electrode 26, 26' and an electrode 27, and 27' may be chisels, 
respectively. 

[0064] The magnetic particle in the granular magnetic layer 24 has small 
size, therefore the discrete energy level based on electrostatic energy 
is formed of the coulomb BUROKKEDO effectiveness. In such structure, if 
an electrical potential difference is impressed between an electrode 27 
and an electrode 26 (or between electrode 27' and electrode 26'), tunnel 
current will flow, and — if bias voltage is impressed to the gate 
electrode 25 — the electrostatic energy level of the granular magnetic 
layer 24 — control **** — things are made. 

[0065] Under the present circumstances, if bias voltage is controlled to 
a suitable value,- as mentioned above, the discrete energy level formed 
in the granular magnetic layer 24 shifts, and it can set up so that it 
may differ from the energy of the conduction electron of the 
ferromagnetic layer 23. And a big magneto-resistive effect is acquired 
by reversing the spin of the ferromagnetic layer 23. On the other hand, 
if a discrete energy level is controlled on the energy and this level of 
a missions electron of the ferromagnetic layer 23, the resonant 
tunnelling effect will arise and magnetic reluctance will decrease 
greatly at this time. That is, the sense of spin can be judged from the 
magnitude of tunnel current only by impressing bias voltage, without 
impressing an external magnetic field. 

[0066] Although drawing 7 is the component structure which carried out 
the laminating of a ferromagnetic layer and the granular magnetic layer 
perpendicularly to the substrate side, as shown in drawing 8 , it is 
also possible to consider as the structure where pinched the granular 
magnetic layer 24 with the electrode (30a, 30b) with which at least one 
side consists of a ferromagnetic, and they have been arranged to a 
substrate side at the Purana mold. In this case, an insulating layer 31 
is formed in substrate 21 front face, and the granular magnetic layer 24 



is formed through this insulating layer 31, On this granular magnetic 
layer 24, an electrode 33 is formed through the thin insulating layer 32, 
and bias voltage is impressed between an electrode 33 and a substrate 21. 
This is equivalent to FET as used in the field of a semi-conductor 

transistor. 

[0067] Also in component structure as shown in drawing 8 , if suitable 
bias voltage is impressed, the discrete energy level formed in the 
granular magnetic layer 24 will shift, and as mentioned above, when it 
differs from the energy of the conduction electron of a ferromagnetic 
layer (30a), the tunnel current for which it depended on spin greatly 
flows. And a big magneto-resistive effect is acquired by reversing spin 
with the smaller coercive force among ferromagnetic layer 30a and the 
granular magnetic layer 24. In addition, in drawing 8 , a current is 
passed to a conductor 34 and it has the structure of reversing the spin 
of ferromagnetic layer 30a. 35 in drawing is an insulating layer. That 
is, the sense of spin can be judged from the magnitude of tunnel current 
only by impressing bias voltage to an electrode 33, without impressing 
an external magnetic field. 

[0068] Like the conventional magneto-resistive effect component, the 
judgment of the sense of the spin by the component mentioned above can 
be used as the magnetic head or a magnetometric sensor, and is further 
applicable to storage information (spin information) read-out of a 
magnetic storage component. Moreover, although it is necessary to write 
in a ferromagnetic layer (or granular magnetic film) to use the spin 
dependence conduction component of this invention for a magnetic storage 
component, it makes a conductor approach through an insulating layer to 
a ferromagnetic layer (or granular magnetic layer), controls the sense 
of spin by the sense of. the current passed to it, and should just set it 
to 1 and 0. Thus, the magnetic parts of this invention are constituted. 
Moreover, the various electronic parts with which the semi-conductor has 
been used conventionally can be similarly constituted using the spin 
dependence conduction component of this invention. 
[0069] In addition, with the spin dependence conduction component of 
this invention, the substrate layer which consists of a magnetic 
material or a non-magnetic material, or OBAKO **** of non-magnetic 
material may be prepared, moreover, the spin dependence conduction 
component of this invention — typical — the shape of a thin film — it 
is — molecular beam epitaxy (MBE) — it is producible using the usual 
thin film deposition systems, such as law, various spatters, and vacuum 
deposition. Furthermore, as a substrate for forming the cascade screen 
concerning this invention, a single crystal object, the polycrystalline 



substance, etc. , such as glass, ceramics, a metal, and a semi-conductor, 
can use the thing of arbitration. If Si substrate is used especially, 
the conventional semiconductor technology can be used, such as being 
easy to form a gate electrode, for example. 
[0070] 

[Example] Next, the concrete example and its assessment result of this 
invention are explained. 

[0071] Structure shown in example 1 drawing 7 3 terminal component (spin 
transistor) was produced. The thin film formed membranes using the 
spatter altogether. First, on the thermal oxidation Si substrate 21, Cu 
film was formed as a conductor layer 22, and Fe of 20nm thickness and 
Co80Pt20 of lOnm thickness were succeedingly formed as ferromagnetic 
layer 23b and 23a film, respectively. Next, the granular magnetic layer 
24 of lOnm of thickness was formed on this ferromagnetic layer 23, 
further, as an electrode 27 and 27', as Au film, the alumina insulator 
layer 28, an electrode 26, and 26', the Co9 Fe alloy film was formed as 
Au film and a gate electrode 25, and the alumina insulator layer was 
formed as a protective coat 29, respectively. In addition, the component 
structure shown in drawing 7 was produced using the lift-off method. 
[0072] a granular magnetic layer — Co80Pt20 alloy and Si02 a target — 
carrying out — the bottom of Ar gas pressure 2mTorr and the conditions 
of substrate bias 400W — Co80 — Pt20 and Si02 The simultaneous spatter 
was carried out and it produced. The obtained film is Si02. A Co80Pt20 
alloy particle is abbreviation to inside. It checked having granular 
structure distributed in the shape of a layer at 50% of a rate by 
transmission electron microscope observation of a film cross section. 
The particle size of a Co80Pt20 alloy particle is abbreviation. 5nm and 
the distance between particles are abbreviation. It was 1. 5nm. Moreover, 
it is coercive force as a result of performing magnetization measurement 
using a sample oscillatory type magnetometer. 6000e Greatly, the clear 
hysteresis was acquired and superparamagnet ism-behavior was not observed. 
[0073] Thus, it produced. 3 terminal component (spin transistor) was 
evaluated as follows. First, two electrodes 26 and the current Ic which 
impres'ses an electrical potential difference among 27 and flows the 
granular magnetic layer 24 It measures and is bias voltage VG to the 
gate electrode 25 simultaneously. Current IC which impresses, tunnels 
the granular magnetic layer 24 and flows in the metal layer (magnetic 
film) 25 It measured as a function of bias voltage. Moreover, the sense 
of the spin of the ferromagnetic layer 23 was changed by changing a sink 
and its sense into a conductor layer 22 for a current in that case. 
[0074] To drawing 9 , it is VG. Receiving IC Change is shown. In 



addition, the spin of the ferromagnetic layer 23 and the granular 
magnetic layer 24 is mutually parallel here. VG ** — the time of 
reaching a suitable value — IC It is increasing rapidly and it is shown 
that resonance tunnel current flowed. 

[0075] Drawing 10 is IC by the external magnetic field in VG = 0. Change 
is expressed as resistance change. Resistance changes with external 
magnetic fields a lot, and it is the rate of change, i.e., magnetic- 
reluctance rate-of-change (ratio of resistance change to the resistance 
under saturation magnetic field) **R/Rs. It turns out [ 45% and ] that 
it is dramatically large. On the other hand, it is the magnetic- 
reluctance rate of change at the time of VG =llmV. It was 15%. This 
shows that magnetic reluctance is controllable by gate voltage while 
showing that the spin dependence conduction component of this invention 
is applicable to the magnetic head, a magnetometric sensor, a magnetic 
storage component, etc. 
[0076] 

[Effect of the Invention] As explained above, according to the spin 
dependence conduction component of this invention, electric resistance 
can be controlled in the large range, and large magnetic-reluctance rate 
of change can be acquired easily in a small magnetic field. Therefore, 
it becomes possible by using the spin dependence conduction component of 
this invention to constitute the magnetic head, a field sensor, etc. of 
high sensitivity with large output voltage. Moreover, if it uses as a 
magnetic storage component, storage information can be read, without 
impressing an external magnetic field, and the solid-state MAG memory of 
a non-volatile with a large output can be offered at high speed. 
Furthermore, the spin dependence conduction component of this invention 
is applicable to various electronic parts and electronic instruments 
using the conventional semi-conductor from having a current 
amplification function. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The basic configuration and ferromagnetism of the 1st spin 
dependence conduction component of this invention It is drawing for 
explaining the spin dependence resonant tunnelling effect of a double 
tunnel junction. 



[Drawing 2] It is drawing showing typically other configurations of the 

1st spin dependence conduction component of this invention. 

[Drawing 3] It is drawing showing typically the modification of the spin 

dependence conduction component shown in drawing 1 . 

[Drawing 4] It consists of the 2nd basic configuration and granular 

magnetic layer, and ferromagnetic layer of a spin dependence conduction 

component of this invention. It is drawing for explaining the spin 

dependence resonant tunnelling effect of a double resonance tunnel 

junction. 

[Drawing 5] It is drawing showing typically other configurations of the 

2nd spin dependence conduction component of this invention. 

[Drawing 6] It is drawing showing typically the configuration of further 

others of the 2nd spin dependence conduction component of this invention. 

[Drawing 7] The spin dependence conduction component of this invention 

was applied. It is the sectional view showing the example of 1 

configuration of 3 terminal component (spin transistor). 

[Drawing 8] The spin dependence conduction component of this invention 

was applied. It is the sectional view showing other examples of a 

configuration of 3 terminal component (spin transistor). 

[Drawing 9] It is based on the example of this invention. Bias voltage 

VG of 3 terminal component (spin transistor) Receiving tunnel current IC 

It is drawing showing the measurement result of change. 

[Drawing 10] It is based on the example of this invention. It is drawing 

showing the field dependency of the magnetic-reluctance rate of change 

of 3 terminal component (spin transistor). 

[Description of Notations] 

1 1st ferromagnetic layer (1st electrode layer) 

2 Four Dielectric layer (tunnel layer) 

3 2nd ferromagnetic layer 

5 3rd ferromagnetic layer (2nd electrode layer) 

6, 7, 8, 16, 17, 18 .... Electrode 

11 .... Ferromagnetic layer (1st electrode layer) 

12 .... Granular magnetic layer 

13 Non-magnetic metal layer (2nd electrode layer) 
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bjibx*^ i/:p-ssffi**j8P-r «n:46oss«#-r « c t 

[0024] *^0^lc*5W5^ 2 (DX fcf Vfi!c?^e»lg? 
tt, !«3i3S2tcf3eLfcJ;3tc. ^Itt^hU-y-^X* 

HJi(±©^^7-a5-5S1fSis BulB^'^xa^-fiStt 
U BuiB^^7X:L^-«ai41tc:illlx^.;b+-tcS^'< 

[0 0 2 5] 2|s:$e^(0XlfVfSc$€»llE?». Sl^iIS 

*6l!:. il3?^4fcJ:ti=ll?R^5t;:|B«Lft<i:5tc. 15 

tt. 2m=f-m'f-mmisJ;ix}3mm^mm<K>i-^tnm 

[0 0 2 6] $fc. *l8W<!!)S?SPp=p*5<fct«ia^a5p=p 

[0 0 2 7] 

[0 0 2 8] *fl?§0XtfVte#G3PS?OS* 

1 (a) «*5iw®mi©xevflc??e»iS?os*« 
fi)6=6.T»-rEiT-»«o 01 (a) lOT^-rxevffii^eti^ 
?»s s 1 osffiiit a 1 2 2 (om&m 
3 /isif^i 4 /m 3 a)m,m s A^e^^^sigi^^ 

LT. ssosiSBittJi 1 . 3. smtiMhy^ivst^ 

[0 0 2 9] 3BOmmB^. 3. SOd-S. ^Ifc 



(5) 



1 -2 3 8 924 



r^i^oit. l>>*;Hi3i{©ajPtJlcS5SffiJi (5) 

mm»M 2. 4 LTS 1 ommm i s oss 

salt® 5 1 OfSic^n^ii h V*;bS3if3b'«3itti5 J: 3 ic 

[0 0 3 0] C0<i:-5«:«|jglCfcl-^T, m2a)5S«Stt® 
3)b'^+5}^^»^-^li^^c^i. Ell (b) lC/T^-rJ:3lc. m 
=mmzi^ y m 2 OSMlKltH 3 iCX evtCfiS?? LfcStli 

46ic7.fcrv»aLTfcy. ±i^*xtfv (t) ^tiri* 

[00 3 1] 01 (a) iCT^Lfci^lC. SI ©a 

mm 1 ^S20!iiasttS3 ^(DR9(cSE$EPAD-r^^ 

m20?S5SttB3<!:m3<D3Slig[ttS5i<DF^{tjS! 

ibS) 2-^ffi,z%y (nmmm i i:^ 2 cossfiKiti 3 

11 3 ©SSJSttS 5 tCjlD^Z-cSE V«S&fSa)<!: 

S203SfiStti3rt<o±i^*:^t:v (t) s/tiiT 

iRltXtfV (i) <0SIScWx^/U*-tiitt<D3-6© 10 

(El 1 ( b ) T« T ;^ t: V) A^m 1 costasttH 1 ©e» 

[0 0 3 2] ^^r^ts «i»ttl!glcJ6««»«i*;U 

Its 1 «oe»ffi?tts Rfflf*12, 4lcJ:ysS**ti 
%C^:&<v 100K(7}Sia$%%o7!gia>SiSK1iJi1]!>' 

[0 0 3 3] 3iJlttftT-«7i;U = *fii3fifl?Oa^^©* 
■oTWi^o '^■z>T. S 1 (DSSISttl 1 i:m2<D3iSStt 

1 3 cDffi^ b*mo^^c¥^T s t ? S¥^TS <5: ^ « 

^J^tfm2oaiS5H4Ji3©BSfb^@^U mi©3S 

Ji 5 h V^;U1E-^!y<-^t9%%<0T£ 

[0 0 3 4] El 1 h7 Vv'X^lC^aS 

u mi<7)3iistt®ijb'«x=-y^. %2(!mmm3i^ 

aU^^^rlcmrSo fS^O-e. x5-y5t (1) t'^- 



X (3) ICSEVEB^WftP-r^t'^-Xffiai I B 

n. ^-7. (3) iiaU^'^f (5) tCiSSlEVcB«WJlP 

tit^i^^^^vm I c fl«3itn5, □ \y<7^mii 1 c « 

[0035] cnSTttS 2 «D33H8ttH 3 ©X fcf 

1 ©SSaSttl 1 ©XI^V^^:3^LT¥^T^}J:tfj5TO©^i 

OJ:3lCv AV7XffiEVcB5»-r5c:<!:tcJ:-pTs 

[0 0 3 6] *5IW©»1©XI:fVtt#e»llS?ttx ¥ 
»i*«?lCfeW5ffiff«!)SSah7>v'X^J (FET) © 
J:5ic^ ll2©affi14H3KyU7'XSES0]l]P-r«fc 

J:^&*M<D-fiy=£5^^LTl^5o m 2 ©385814131:: 

u^*o ;I©J:3^♦ifi2^c^3l^T. mi©?i5atti (mi 

(Dlffil) 1 i:S3©5SSSttl (S2©m®®/?^IKtt 
ST-SoTtcfcl^) ^©FSICSE^EPJJDUT hV^wH 
a^-au 1^7fr6S2©3S581413tc/K7XBE 
%EPJIP LTII 2 ©^58141 3 ©i!ili5Wx:^;l/4'-»f4S 

WHIP ■r^^:t^cJ:oT^ ;^ey«c?^«pi«!g 

[0 0 3 7] *61E. %9mrM 1 ©xevfiScl^e^sS 
?^^:i5^,^T^ «l««x*;i/*^-spffl€JBfil6r«3S8Sttl 

(EI1T'ttS2©ai581413) tt lHcPB5*i5t.©T 
tt^ < > m7L\m 3 ItS^xf <»: e IC*FI!©3S«S141 3 «^ 
®«l5i (3a. 3b. ■•■3n) tt^tm.^. 
3S5Sei3a. 3 b. -3 n*K11*19i:!SSH(cai 

r5c:<!:t,T#5o c:©J:3SSfi!6lcj50>Tt. *F^© 

3i5ses 3 ©s6l^wx^.;^:^-»^4^$lJ^al■r 5 c tt!s. 

[0038] Ell ~ 3 icm L/i:;^ fcf Vflc#G»S^^lCfe 

t^T. ssasttiK 3. 5©«fi)6«m#iciia^*ti5 

t»©T'tt)5:<. /^-VP'TtCf^SStl^Fe-N 

3S5S14«/T^-rFes Co, N i tiitf^tlSS^tr 
^iS, NIMnSb. P tMnSb©J:3**'r:^5- 
^&J5:(!:©/^-7/^^;k Cr02, ■^^''^^'I'hs M 
n/>^D:fX*'rhft^©Kfb*m©/\-7:><^'ik 7=E 
/U77'X^^Sif©ffl'!f©$!i:5Sttt^i|S46^5. C o - P t 
F e - P t ili^^S-ll±^i^#S<li'©5I 

[0 0 3 9] miJiJ:tfm2©^SStt®l. 3© 



(6) 
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2 (DSHSKItl 3 (OJlStt. ±2E Lfc J: 5 J: 

cfcti-B 3 (DSSSSttl 1 s 5 <DS* (iltlcl®^* 
7li&<s mXlf 0.1~ 100mmg^i:-r«c:i:*'«4?$L 

[ 0 0 4 0 ] * 6 ic. ±a Ltcmmmm7:M h v^yuii 

<!:LTKffift®2. 4^fflUNfcJi^lcoiN7SiB^Lfc 

t©rB«:<. a'!J®^1li**ri|i433J:tf¥W#*mSffi 
fflf «fcv hV:^/HOJI*tt 0.5~ 

5nine)gfr«c:i:*i«KF*U\ 

[0041] ±^L/c:IIS&}^lg7». mil&i$tm,i^ 

[0 0 4 2] fSr^j^v 04 (a) fc^^f ;^k:>«(??e 

a7-ffil1i51 2/#MS1£f«:]!)'635:%Sl20S4Sl1 3 
7i:a7-5BttS 1 2ttKffif*? h 'J f X 1 4*^3* 

T\ siom^si 1 i:m2(^ffiffiHi 3t6tjfi}eiBa 
^tlT^5y^ siws^ehi i t^'^-^LT-ssttsi 

2fcJ;tf<^7-i7-?i!S1t®i 2i:m2<7)l;S)il 3<!: 
TL^So -r^to-B, -^^^zL^-SSttJil 2i:tt^l 

[0 0 4 3] S2(9«fiSJi1 3U#NSttmzPSe 

2(DS«iMl K 1 3<0o-&. '>«<d:<(>mi<0€Sl 
1 1 ^^?114#7-«im-rtlt*<fel\ Sfc. ««1 1 1 s 

[0 0 4 4] ^:(3!)J:3S:^ii^^:^5t^T. 



ms.m 1 1 t^^-a^-ssttsi 2i0F^iciEv 

EB*EPllP-r«, ^LT. <f'7-J.'7-mtm^2tm2 

(ovmm (mm.m 1 3 toimm^mEya^ 
mt%o •i^7^i7-sai4Jii 2*(oaiSBtt 

«iK?i 5(7)***tt+»t;:/jx*<, *feSH«^ffift 
^h'J-y^'XI 4lCj:oTH*nTt''«fe4i!). •^-□V 

limx;^;U^i--Ec =e2 /2C (ettB?(7) 
mM. C{iffi?©§» Oft46lCv 04 (b) tOT^-TJ: 

[0 0 4 5] itfoT. BuaiLfc^KDIiaiJ^flli:!^^^ 

tc. ®^^fii©My7xsEvcB^EnJ)p-r«<»:. ■j^th 
a7-5Sits<!:si©a)ii (gsfistts) 1 ^t(o?s^c 

50 J: oT> as 1 6 ic J: y !Kttia?©»ai*;U4i- 

j.'7-mm-i lomit^m^L. sssKitii ia:)i»<b 
-artiwr^ s«T h v*/um3it««** < 5S«f= 

[ 0 0 4 6 ] . IE® 1 6 tc J: y 5ait!ia?osiai:^ 

il/^^-mfi^ftP^ttflUc J: 5 J: 5 lcf6ijffl)-r 5 i: ^-P > 
il(DJ:-5(c> m^l 6(c»P;^5^E=&SiJffli-r*Ci:7\ 

^s^}g^3^J^()^^^^Jffll7•^§^:l^•5STLl^^ltg^Jtfc^i•s 

[0 0 4 7] m2©7.tfV«c??e»*?tCfcl^Tts 19 

jjELy-cM 1 ©xe>flci?e«is?iii«(c. atHStts i 
1 ^:^^7-l7-fiSttJ■1 2t(o;^fcrv©ffijsfftjs«« 

ai-r5Ct)!)i«T*S. «fc. l2|5tc,xxrJ:3tCs smj: 
«&i»»S1 9*^-r3S«1 8±lCfg«Ln:^7XiL7- 
5Ktt«1 2tcy«'r7XffiE«EPSn-rS/-c«)Omi 

mifmmttzzt'tTi^^o -rsfc-e. ^ irons 

51 1 i:ll2<7)1iffiS1 StroP^lclE^EPJlPLThV 
^wH3S^-3ilU Iffil 7 6^6^^'^-i7-fiS1411 2 

iaUT7.mE^muLT^'7-3.=7-mi^m ^ 2*© 

5SU*-ltSCt!b'«T^S„ droits -9'5xa7-liS14 

^1 2ii06i::,TT-rj:dic. m-n^mimm^z-m^f- 

fcilS?^^:•^L^Tt)lRlalT'»5o 
[0 0 4 8] *6tC. *feW0M2<DXevflc#e#lg 
^icfci^T. "9'5::a5-5Kttlttiat::|E6*i«'fe© 

[ 0 0 4 9 ] El 4 ~0 6 lc,T^ LftX tf IC 
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^a7-GMR*^ll4oJ:7Sfis?psasjl««**^,^t^,^5lla 
^Jy</7s^4 mzmmn^ i s ^imt^Ti^^tc 

:&[R] (iiJi:&iRiS5i^t4^Sf«g:&fRi) <Dg?. BSIiffliBi 
[0 0 5 0] ^^-117-5214® 1 2tt. ±a5L/j:J:d 

h 'J -y ^'x+^c^K1t^aila?«»»^•l^/^:^^7- 

5 tCttIf ICKSlS^ttO** l^C O s C o - P t 

F e - p t jii»^js-?&±s#&* c 

6s cneoJBStt^iia^l 5ttlittfcB3fJLTl^5Ci: 
*^S$Li\ CtiSt* 2/iJ.X±li:i35'J?-ti-Tt,J:t\ 

[00 5 1] mtim^'J±^<rsi^'!f^-3. 

t. F e M n I r M K%df (D53SS814IS«ffiffl-r« C 
[0 0 5 2] ^7^17-581481 2 Ktel^SSBItlSite 
ttWtcti 1nniJ.X±i:-r5Ci:A^ii$Ll\ fc/£U 

y fiSttjSiKt? 1 5 i^±=^^^i:.m-mmtm±t^tcib. 

J; 5 tc SnrnJ-XTSSif 5 C 1 
[0 0 5 3] Sft. ^m^h'J-y^Xl 4tLT«> 
Al2 03 s Si 02% MgOx MgF2% Bi 

2 03 . A I N. C a F2 tiEoim^cimmwui^^^ 

[0 0 5 4] SiSSttMl 1 tLTfiy^^n^- 

1 2 i<Dr^T«?iS:^lC;^/jN||^^:&LTl^n«".fc 
<% m«V\-Tn'rW-^S?n5Fe-N i^^. ^ 
SStt^Sr-TFe. Co. N i fcitff-tieS^tf^^. 
NiMnSb. P t M n S b©J:dS*'rX5-^^& 



df0A-7p<^t;k Cr02v V^*^'-!' hv Mn'^P 

:?'^*'rhS^©i6fb!|Jj»©/\-7p<5i;k 7'=e;U77' 
x^^siroa-sjciftsBttWii^ft^Ss c o - p t 

F e - P t a»*J8-«±3i^*3!5:£;Offi03ltt« 
[0 0 5 5] m?L^. i\-y3t^Mt-l3<r>7^\iyi\y 

11 3lc3S5aitft5figffl-r5Ji^. ^1©!^® (3tSSi 

ttft) 1 yti^t\^^nzwi^X'th^'5!m\tts.<.. 
-a7-isai4®i 2i:«as:^^DJll^6^$n^#<^:l^ 
[0 0 5 6] wmm 1 1 (ims^jsicnef s Msstt 

Its i:?f5S14S «3SS{tai L. m^'^'PVm^^ 

[0 0 5 7] #6ic. mmmt.^mmt^^-mm 

/IL/cM^^s 3ii«S14/i1 1 d:LrfflL>S ;!<!:*, 

«„ zojiioiimmmizmi^iim^tLTits b2o« 

iiCFeS i^^^/J-FeS i2 s Ga AsSf^ffl 

[0 0 5 8] <f'7-j.'7-mm 1 2 jjj;r;?iJStti i 

$/c. •9-7-a7-5Se®1 2fcJ;tf3ii?S14Ji 
1 iro^/itt 0.5~ mmcDmmtt^zLtiS^ii^iiL 

l>, CO^-B^ •i^7-:L7-5attl1 2(DMIittT-t5 

«:L^I8^T»*lHf J: < . «iJAlf 50ninJJ(T7»+lt#«fcl\ 
[0 0 5 9] IMLtc^mmWUC^l^Tit. *36R^O 
m 1 *5 J:tf* 2 ©X trvtt??e»3S?=& 3!IS?IS?<!: L 

xevfSl¥g»ig?« 2S?j^?,!:-r5c:<!:tT*«o 

m^it. m 1 ~Ei 3 izTik Ltcx ify^k^mmm^^iiif 
04~05^o^^Lfext^>«c^?e»^?^c^5L^Tv mi 



(8) 
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[0 0 6 0] J.X±UiB^LfcJ;otc. *?eB^<DXI:f>ffi?? 

[006 1] :Mc. *^B^®xbfv«c?^e»l?-a)B# 
W^:*?«Ji^cc»^-^7. E17JiJ:U:|§18*#SaLT. 3 
^I'm^^mt LTStm^o E17fcJ:t/EI8 7- 

So 

[0 0 6 2] ^t. m7izm mi'mmoT.idym 
mmfi^it. SIE2 1 ±(c^ji2 2. sitsi£S2 3 

(2 3 as 2 3 b) s <f'7-J.'7-m,nm2 4SSi:Xf± 
Jil2 5)!^«|lS^^:as^*lTL^So -r&^a-B. •9^7-15 
-SSIil 2 4 A^SiffiiliA 2 3a t<f- ha@2 5 ^:(c J: 

[0 0 6 3] 3SlS14S2 3b«3iS?®ttS2 3a 

S 2 2 tt^titcSSfla^tDtPl* C oT. 

El* 2 8 tiiisfeitM. 2 9 tt«H(Ii^Kil3/i:*6^IS7-$ 
5= Sfcv tt®2 6. 2 6' J5j:lf«ffi2 7. 2 7' tt 

[0 0 6 4] ^f5m7-5a[ttJi2 4*05Bltt«|[fii?tt 

jgfiE^^iTi^So ^:©J:5«:^ii3g^t^Jl^T. 1^2 7 i 
ms-^mut^ti-y^-ii^m^u^^^o ^lt. ^- 

5o 



[0 0 6 5] z.(m. lUTTMs.^mwi.m.twm 

St. B52ELfcJ:5lc^^7-a7-«ttS2 4tcjgfie* 
*lfcl»»Wx*;b4^-2llffi]S«->7 h ^SSttH 2 3© 

3S«S1tS2 30Xlf>^S$E?^i:5Ci:tcJ;oTx 

-*te^3iliai41 2 3 (Dejl®?<Dx:^./l/4'-i:|^ 

[0 0 6 6] m7itmmmt^'7-:L'y-mmt^ 
smictiLTmmmmm Lrcm^^mm-^si^fi^. 

HSlCS^ti^lc, ^5Xa7-!i8ttl2 4«'J?S<i: 
t-*!ti«3SBI14«:*^6S«ttffi (3 0a, 3 0b) T'S^ 

a5-Sai412 4%«Jfi)6-rS„ £10)^7 
2 4±lCtt»l^iJftlli»3 2S/J-LT^ffi3 3^J^fi!cU 
^^3 3 tmWil 1 ^(DlSKc/xVT'XSE^EPAQt-So 
cntt^aW* h 5 VS^X^i 71^5 1 C 5© F E TtcffiS 

•rso 

[0 0 6 7] maiznkt^^rim^mi&ittsi^T'i^. m 
mri/UTxmEmmr^t<f'7-2.'7-mt^m2 4 

lEJ^fiK*+ifc«t»Wx*;U+-2(6ffi!tj«5/7 h ±51iL 

rc^oizmm.m ooa) <De»ffl?©x*/u*^-d: 

5o -fLT, a!iattl3 0ai^*'7X:i7-ai14S2 4 

lift 3 4 icm3!f=&-5il LTs 3S?SttS 3 0 a ©X tf V«S 
S*-B-S«iHc&^Tl^5o il*3 5««feS*JiTSSo 

e X t°y <DiR)$5!|3js-r 5 d t So 

[0 0 6 8] ±aL/c^?tCJ:SXtfV©lRltOfJ^ 
XtfV<DlRl^*»U ^^1^1, 0<!:-rn«'J:l\ C 

#So 
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[0 0 6 9] *3«W©Xe>«c?^eWiR?T'tt. 
»?«8xt;^i+s/- (MBE) a. ftiSXy^y^ia. m 

[0070] 

[007 1] l|ffi«IJ1 

EI7tc:,T^L/-c«igO 34S?j!5? atVh^Vv^X^t) 

■r. mmits \mm2^ ±izmwm2 2 1 ltc uk* 

fifiliU 5l*iiS§$?Hattl2 3b. 2 3a|gtLT^n 
?n20ninJiroF efe.J:t>'10nm)i<DC osoP t20^fKfi2L 
fco ^iiJlCs Ca)3iiSSttl2 3±t<:KIH0nin<D^7-a7 
-mmiA^B^L. *6lJ:ffiS2 7. 2 7' iUT 

Aun. y)\y~±mmm2 8. mmie. 26' ^lt 

Auffi. ':f-ha<S2 5tLTC09 F «« 
ffi|2 9 i: L77;b5:^*6lSffil«f-*ifnfiia8Lfe. S 
fc\ 07tES^L;rcJR?ffi5iW:'J7h*7a«ffll^Tf1^ 

[0 0 7 2] ^'7-o.y-mm\t. Co80Pt20^* 
tS i O2 S^f-y-y htLT^ A r *rXE2mTorrs S 
tg/^'f7X400W©^fef!|:T7?s C08OP t20i:S i 02 * 

mmx/i'ysiLx^Ltco m^ntM. s i 02 * 

SB? iijafiffi^lJ: J; y 5tiS L^c, c o so P 1 20 = S*i 

5nn. jfi^F^SIiitt*^ 1. SnmTStjfc, ^ 
600Oe t±^<. t/-cB^I9^t7.x'J->;^6^ 
[0 0 7 3] COiHoizLT^Ltc 343rf*^- Utf 
20©Sffi2 6. 2 7F^HClES9]llPLT^^5:ia5- 

iKei2 4%3i{ns«aitic sa^u i^iB^icy-h^ 

ffi2 5t::A'r7'XffiEVG SWMU 

li 2 4 « h v^wi/ LT^as (saitii) 2 5 icastis^ 

<Dl^lc»ftl2 2lcl3S?-3SU ^©iRl^^Sg^Sili 
iCcfcoTs 3IHiaeJ12 3«DXtfVOlRl$*^;^.fc„ 

[0 0 7 4] 091C. V6 ic^frs I c (omt^m. 

Sfe\ CCT'tt3tS8ttJi2 3 t<f3-:L3-m^24 



ic s^iiiiLTfcys mKy^i\^mimtircz 
[0 0 7 5] BI1 oit. Vg = o<om^<o9i^mmic^ 

tt J: y ffifii««** < L. ^■©^ib^-ra^D^ 58 
<b<7)ik) AR/Rs I*. 45)^i:^f^^c:A:^l^^:<!:A'<»*^ 

So Vg =m\i(Dti^com^i&m^itmt mx 

[0076] 

tfl«T*s ^)^•^/J^^ft5fflg■p**^,^saafil^l3E^b*«s 

«3ll?Sffll^5CtlCj:oTx ai^ffiE<D**l^»!KS 

So 

[iaii<DtlSm&l»il] 

[El 1 1 1 0X t! VtS^^eSlJIf ?<3!)S*fll 

[0 2 ] 1 OX tf >«c#e3liS?Of60«l 

[0 3] mi tcTv-r X tf v«c?^g#^? osjKi?j* 

[04] *^^OM20XtfV«c?^e»^?(7)S*« 

[05] *§6«^om2(Dxt:>«c??e««?offioii 

[06] *58WOS20XtfV«c??eSIIS?0*6lc 

m 7 ] *«RHox i^ym^mmm^^mm ltc 34s 

[08] *^B^07.tfVfiic??fi?l^?^jifflLft 3SS 
0T'»5o 

[09] ti^moimmmiz^^ sm-m^ Uhfvh 
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[ISI1] 





2. 4 fKQf4:Ji (hV^/l/H) 

3 m20)wmm 

5 %3(Q»fi&1tA (%2(D1I«B) 

6, 7s 8, 1 6v 1 7s 1 8 

1 1 mmm (3H^<ommm) 

1 2 

1 3 ^NSKIf&fiJI m2<Dims) 



[BI2] 




, I 

(b) 
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0 6 10 18 

(mV) 



(12) 
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[121 0] 




